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Introduction
O xophlorins (5-oxo-porphyrins) are im p o rta n t interm ediates in hem e catabolism , and the degradative pathw ay leading to bile pigm ents has been studied in detail in vivo an d in vitro [1 -8 ] . H ow ever, the exact structure o f the w eso-substituent, the ligation and oxid atio n state are still unclear. The chem istry o f these co m p o u n d s has been eluci dated in detail [8 -1 4 ] , b u t only lim ited in fo rm a tion is available on their c o o rd in atio n chem istry. The chem istry o f o xophlorins is quite distinct from th at o f the p aren t p o rp h y rin s since the keto-enoltautom erism at the m eso-oxo g ro u p allow s the fo r m ation o f tw o quite different species 1 and 2 [3, 10] . We have recently show n th a t this leads to two quite distinct m acrocycle conform atio n s, the ketoform 2 being confo rm atio n ally d isto rted due to in terruption o f the co njugated system and the pres ence o f three hydrogen ato m s in the co o rd in atio n hole [15] . The tautom eric equilibrium m ight thus function as a co n fo rm ation al relay switch for acti vation o f the m acrocycle for breakdow n [16] . The analysis o f the co o rd in atio n chem istry o f the enolform 1 has thus far been perform ed only w ith sym metric porphyrins like o ctaeth y lp o rp h y rin (O EP) [15, [17] [18] [19] , and the sm all size o f the m eso-su b stituent leads often to ro ta tio n a l d isorder o f the * R eprint requests to D r. M . O. Senge.
Verlag der Zeitschrift für N atu rfo rsch u n g , D-W -7400 T übingen 0 9 3 2 -0 7 7 6 /9 3 /0 6 0 0 -0 8 2 1 /$ 01.00/0 oxo-function over all m eso-positions. The only structure know n w ith an ordered oxo-group is a Z n(II)pyridine O EP-derivative w hich has an a d d i tional pyridine hydrogen bonded to the O H -group thus preventing disordering [17] . O ur ongoing w ork is focused on the p rep aratio n o f oxophlorins from m ore unsym m etrical porphyrins w hich are m ore related to p ro to p o rp h y rin IX, the n atu ral tetrapyrrole ligand in heme. As a starting p o in t we have determ ined the structure o f the m ethoxy d e rivative o f copper(II) m esoporphyrin IX dim ethyl ester 3 as a m odel com pound for the enol-form w ith the oxo-function fixed in sp3-hydridization.
o OH

Experimental
The co m p o u n d was p repared according to the procedure given in Ref. [20] .
C rystals were grow n by slow diffusion o f m eth anol in to a concen trated solution o f the porphyrin 3 in m ethylene chloride. The crystals were im m ersed in h y d ro carb o n oil, a single crystal selected (red plate, 0.2 x 0.11 x0.08 m m ), m ounted on a glass fiber, and placed in the low -tem perature ni trogen stream o f a Siemens P 4 diffractom eter equipped w ith a Siemens rotatin g anode [21] . C u K a rad iatio n (A = 1.54178 Ä) was used. Cell p a ram eters were determ ined from 23 autom atically centered reflections in the range 37 < 2 6 < 51°. The intensities were corrected for Lorentz, p o la r ization an d ab so rp tio n effects [22] ; extinction was disregarded. T he structure w as solved via a P atter son synthesis using the S H E L X T L PLU S program system 5 [23] . T he refinem ent was carried o ut by full-m atrix least-squares on |F | using the same p ro g ram system. The function minim ized was ^w ( F 0-F c)2. H ydrogen atom s were included at calculated positions by using a riding m odel ( C -H distance 0.9 Ä). The w eso-hydrogen atom s were located in difference m aps and refined fixed at the found positions. C alculations were carried o ut on a V ax-station 3200. The final cycle o f refinem ent on | F | included 314 variable param eters and con verged w ith R = 0.075, \vR = 0.122, S = 3.58. One o f the p ropionic m ethylester side chains (at C17) show ed considerable disordering o f the outer chain atom s w hich accounts for the high ^-values. C 174 and 0 4 were refined as disordered over two split positions w ith equal occupancy. This m odel still fails to describe the disordering correctly, but all attem p ts to find a better m odel failed. H y d ro gen atom s were not included at the disordered p o sitions an d only the nondisordered side chain atom s, Cu, and the nitrogen atom s were refined w ith aniso tro p ic therm al param eters. The w eight ing scheme used was w " 1 = <r2(F ) + 0.0009 F 2. The final cycle o f refinem ent gave a largest AJo o f 0.118 and a largest difference peak o f 1.15 eÄ 3 located in the disordered region.
Results and Discussion
The m olecular structure o f 3 is show n in Fig. 1 . A tom ic coordinates and isotropic therm al p a ra m eters are com piled in T able I. T able II lists selected bond lengths and angles o f the m acrocycle atom s. In the structure, the copper(II) ion is ligated to the four pyrrole nitrogen atom s. The m ean C u -N bond length o f 2.038(5) Ä agrees well w ith those described for other copper(II) porphyrins, as does the square-planar core c o o rd in atio n [24, 25] .
The m ethoxy group is well resolved, and its oxy gen atom shows a bond length to the m eso-carbon o f 1.393 (7) (24) 10231 (3) 936 (5) 1045 (2) 21(2) C (l)
8610 (4) 2384 (6) 1468 (3) 21(1) C (2) 7794 (4) 2999 (7) 1666 (3) 23(1) C (21) 7336 (5) 2679 (7) 2199 (3) 30(2) C (22) 6864 (5) 1217 (8) 2179 (3) 44(3) C (3) 7440 (4) 3838 (7) 1230 (3) 28 (2) C (31) 6580 (4) 4692 (8) 1210 (3) 35(2) C (4) 8031 (4) 3775 (7) 770 (3) 24(1) C (5) 7917 (4) 4528 (7) 264 (3) 24(1) C (6) 8456 (4) 4532 (6) -182(3) 22(1) C (7) 8338 (4) 5399 (7) -700(3) 23(1) C (71) 7556 (4) 6363 (8) -842(3) 34(2) C (72) 6785 (5) 5530 (9) -1143(3) 50(3) C (8) 9019 (4) 5075 (7) -1 0 1 5 (3 ) 27(1) C (81) 9196 (4) 5663 (7) -1 5 9 6 (3 ) 31(2) C (9) 9562 (4) 3987 (7) -709(3) 25(1) C (10) 10321 (4) 3329 (7) -897(3) 27(1) C (11) 10830 (4) 2265 (7) -612(3) 25(2) C (12) 11622 (4) 1611 (7) -830(3) 27(1) C(121) 11943 (4) 1952 (8 (6) 693 (11) 1508 (4) 8(2) C(175) 13449 (7) -1 2 1 4 (1 2 ) 1155 (5) 13 (2) 0 (3 ) 12971 (5) 1022 (11) 2096 (3) 111(3) 0 (4 ') 13703(9) -651(12) 1620 (5) 40 (4) 0 (4 ) 13861 (8) 294 (14) 1850 (5) 55 ( 9938 (4) 710 (7) 1568 (3) 24(1) C (20) 9207 (4) 1460 (6) 1774 (2) 21 (1) 0 (5 ) 9052 (3) 1215 (5) 2341 (2) 27(1) C (201) 9530 (5) 2271 (8) 2702 (3) 36 (2) * E quivalent isotropic U defined as one th ird o f the trace o f the orth o g o n alized Uy tensor. [19] . In c o n tra st a longer Cm-0 bond o f 1.421(6) A is observed in the structure o f (20-acetoxy)-2,3,7,8,12,13,17,18-octaethyl-5-oxop h lo rin ato)iron(III)chloride [18] , sim ilar to the sit uation found in the corresponding zinc(II) com plex (1.428(8) A) [26] , T hus the m ethoxy derivative with the sm aller m ethyl group m im icks the enolo xophlorin bond ch aracter better th an , for exam ple, the acetoxy derivatives.
The overall bond lengths o f the m acrocycle com pare well w ith the structure o f the C 20-unsubstituted free base po rp h y rin [27] . How ever, some differences are observed in the m acrocycle con fo r m ation. The m acrocycle is alm ost p lan ar as evi denced by a m ean deviation o f the m acrocycle atom s from the least-squares plane o f the 24 core atom s o f 0.05 A (Fig. 2) . H ow ever, some co n fo r m ational d isto rtio n is observed aro u n d C(10) and C (20) . A lthough the disto rtio n is slight (in the o r der o f 0 .1 Ä) for the raeso-carbons involved, the oxygen ato m 0 (5 ) A significant aspect o f the structure is the m olec ular packing in the crystal. T he structure show s a high degree o f aggregation w hich is evident from the fo rm atio n o f closely spaced dim ers. Fig. 3 shows a side view o f the dim ers form ed and a top view show ing the significant overlap betw een the 1 7 ) 1.446(8)
128.4 [28] has show n th a t dim erization occurs quite frequently; how ever the degree o f interaction can vary substantially from porphyrin to porphyrin. In the present case the di- [27, 28] . N o such dim erization was observed in the structures o f the zinc oxophlorins o r the radical species [17] .
A sim ilar type o f aggregation has been suggest ed on the basis o f so lu tio n -N M R studies for com pou n d s o f the related p ro to p o rp h y rin type [29, 30] . T he presence o f asym m etry was cited as a m ajor factor, for m etallo-porphyrin aggregation. In the present case the asym m etry is fu rth er increased by the m ethoxy substituent, which is thus enhancing the aggregation. The close contacts o f the p o r phyrin rings is m ade possible by the anti-od e n ta tion o f the peripheral substituents (Fig. 3, right) . The m ethoxy substituents p o in t in opposite directions, and the propionic ester side chains are oriented aw ay from the neighbouring ring system below. The a«//'-orientation o f the meso-substi tuents had also been proposed on the basis o f N M R studies for com pounds like Z n(II) 5-nitro-O E P [31] . W ork on the p rep a ra tio n o f the respec tive oxophlorin derivatives o f m eso-deutero-and p ro to p o rp h y rin s is currently in progress.
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